Abstract. The motions were repeatedly filmed by a high-speed camera when the rigid structure vertically dropped above water surface and then digital image processing was carried out based on trajectory-tracking method. Three key points on the wedge were tracked automatically, generating the corresponding discrete measurements of the progressive displacements. The acceleration-time curves were got by the given algorithm. The comparisons of the velocity and acceleration time histories were implemented for the satisfactory data processing way. At last, the relative motion between the wedge and top structure were analyzed based on the method. The results can not only be a validation of the data from the traditional approach and numerical simulation, but also check the experiment further.
Introduction
Water impact, together with water ditching, is a nonlinear phenomenon in engineering. The study was proposed about eight decades ago, yet there has not been a mathematical model capable of accurate predictions. The difficulty derives from the complexity of the system which mainly includes the motion of a body, fluid-structure interaction and fluid surface fluctuation.
Three methods have been developed in the measurement of an impact of a rigid body onto water: 1) accelerometer is adopted to obtain the measurements of acceleration data set. The velocity and displacement profiles are obtained from the acceleration [1, 2, 3] ; 2) the velocity of a rigid body is accurately measured by an optical interferometer [4] . The acceleration and displacement are calculated from the velocity [5] ; 3) the displacement is obtained by the images of a high-speed camera, which was also adopted in this paper. The velocity and acceleration are calculated from the displacement.
Tracking method and algorithm
In the water impact experiment, the bottom of impact structures must be in-depth thought in order to obtain the maximum impact load. In the present study, the impact structure comprised of the bottom structure and the top structure. The top one was a fixture to link the bottom one which was wedge specimen or other specimen. The wedge specimen used in this experiment was shown in Fig. 1 . The process of impact on the clam water was recorded by a Phantom V711 digital high-speed camera. The selected frame rate was 10,000 per second. The pixel coordinates of the center of specific points, which was represented by the centeroid of the black area, can be gained manually.
The result directly came from the calculation of discrete displacement data set. 
4th International Conference on Sensors, Measurement and Intelligent Materials (ICSMIM 2015) The acceleration n a is determined through the five discrete displacements from 
where, p x is the polynomial approximation data, 0 x is the original data.
Results and discussions
According to the experimental image sequences, three specific points were marked in every image to generate displacement data sets of the motion. And the acceleration results were obtained based on the above algorithm. The average displacement data set was gained from the three data sets. Four acceleration profiles were achieved from the three displacement data sets. Fig.2 depicts the acceleration curves in which the high-frequency samples were filtered. Here the appropriate time step was selected in order to avoid the improper sample frequency, hereafter the good method of filtering technology was given to deal with the sample data. The maximum acceleration and duration of impact were focused in the water impact domain. The time period marked the impact event in the figure is important basement for the analysis of impact load and duration. The initial and end point of the impact event were respectively zero and the peak value of acceleration. Besides the double duration of impact event, three acceleration-time curves fluctuated dramatically, but the acceleration curve which was obtained by the average displacement data set was smoother. It indicated that the adopting average displacement data set was useful in reducing error in order to approach to the realistic impact event. The maximum accelerations were 363 m/s 2 , 342 m/s 2 , and 340 m/s 2 respectively and the average value is 348 m/s 2 . So here the data set between 3ms and 8.7ms was selected for following analysis.
The comparison between the first derivative of polynomial approximation of velocities based on the average displacement data set over the impact event and the polynomial approximation of accelerations was carried out. The resulting polynomial approximations of the velocity-time and acceleration-time history are shown in Fig.4 and Fig.5 . Table . 1 depicts the velocity-time histories, the first derivations of them and Mean Squared Error. Table. 2 depicts the acceleration-time histories and the Mean Squared Error. From the Mean Squared Error in the two tables, the minimum Mean Squared Error were obtained in the 6th-order polynomial approximation of the velocity function and in the 5th-order of the acceleration function over the impact zone respectively. It means that the method is adoptable in the drop run. 
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In order to reduce experimental error and ensure the accuracy of results, here the relative motion between wedge and wedge top structure was given by the trajectory tracking method. From the two displacement data sets shown as Fig. 5 , they do not match well with each other. The fist reason for the disparity was they were not connected tightly, and the latter one was due to the friction between the structures and air compression which absorbed energy. It is helpful to improve the experimental facility and meet the experimental requirement. 
Conclusions
Water impact problem was analyzed based on the trajectory-tracking method. The progression of a wedge impacting into water was tested and filmed by the high-speed camera. The displacement data sets were obtained automatically from the imagines and velocities and acceleration time histories based on the given algorithm. Particular attention was given to the acceleration-time history based on the average displacement data set. It can be inferred from the Mean Squared Error that the 6th-order polynomial approximations of the velocity function and the 5th-order polynomial approximations of the acceleration function over the impact zone were optimal. The trajectory-tracking method is applied to deeply study water impact experiment and find the error because of the relative motion between the two bodies. The results and approach can act as references to the qualitative validation and comparison for the further numerical simulations.
